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Abstract 1 
A number of tests and test batteries are available for the prediction of older driver 2 
safety, but many of these have not been validated against standardised driving 3 
outcome measures. The aim of this study was to evaluate a series of previously 4 
described screening tests in terms of their ability to predict the potential for safe and 5 
unsafe driving. Participants included 79 community-dwelling older drivers (M = 72.16 6 
yrs, SD = 5.46; range 65 – 88 yrs; 57 males and 22 females) who completed a 7 
previously validated multi-disciplinary driving assessment, a hazard perception test, a 8 
hazard change detection test and a battery of vision and cognitive tests. Participants 9 
also completed a standardized on-road driving assessment. The multi-disciplinary test 10 
battery had the highest predictive ability with a sensitivity of 80% and a specificity of 11 
73%, followed by the hazard perception test which demonstrated a sensitivity of 75% 12 
and a specificity of 61%. These findings suggest that a relatively simple and practical 13 
battery of tests from a range of domains has the capacity to predict safe and unsafe 14 
driving in older adults.  15 
 16 
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1. Introduction 1 
The older population is growing and the corresponding increase in the number of older 2 
drivers on our road systems poses challenges for driving authorities and the community, 3 
given the relatively high fatality rates reported for older drivers (Lyman et al. 2002). It is 4 
widely accepted, however, that it is inappropriate to restrict older individuals from 5 
driving based upon their chronological age, and that decisions on driving eligibility 6 
should be based upon functional abilities that are related to the capacity for safe driving. 7 
Accordingly, a growing number of studies have been undertaken to determine which 8 
functional tests can accurately identify those older drivers who are unsafe, so that these 9 
tests can be incorporated into screening batteries for determining eligibility for licensure 10 
(Ball et al. 2006, Wood et al. 2008). This would allow those older drivers who are safe to 11 
drive to do so, thereby maintaining their independence and quality of life for as long as 12 
possible (Marattoli et al. 2000, Windsor et al. 2007).  13 
 14 
Considerable work has been devoted to identifying the optimal tests for predicting 15 
driving performance and safety. Age-related changes in visual function, particularly 16 
reductions in visual acuity (Burg 1967, Higgins and Wood 2005, Owens et al. 2007), 17 
contrast sensitivity (Decina and Staplin 1993), and visual field loss (Johnson and 18 
Keltner 1983, Wood et al. 2009) have been associated with driving ability and crash 19 
risk in older adults. In addition, a range of cognitive abilities that decline with older 20 
age have been found to be relevant to safe driving, including executive function 21 
(Daigneault et al. 2002), and visual attention as measured with the Useful Field of 22 
View test (Ball and Owsley 1993). Other cognitive tests that have been shown to 23 
predict driving performance include flexibility of closure tests (Staplin et al. 2003a, 24 
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Staplin et al. 2003b, Ball et al. 2006), digit symbol substitution tests (Lafont et al. 1 
2010), and the mini-mental state examination (MMSE) test (Odenheimer et al. 1994). 2 
 3 
Recently, alternative screening instruments have been described, including tests of 4 
hazard perception and hazard change detection. Hazard perception, in the context of 5 
driving, is the ability to recognize potentially dangerous hazards in the road 6 
environment. It is generally measured using video-based tests and has been found to 7 
correlate with retrospective crash involvement in a number of studies involving cross-8 
age samples (McKenna and Horswill 1999, Darby et al. 2009), as well as self-9 
reported retrospective crashes in older adults (Wells 2008, Horswill et al. 2010). The 10 
change detection test assesses the ability to detect changes made to an object or a 11 
scene during a saccade, flicker, blink, or movie cut (Simons and Rensink 2005) and 12 
may be important in detecting drivers’ lack of ability to effectively detect changes in a 13 
dynamic environment, such as at a busy intersection, which may correspond to 14 
failures of visual attention (Caird et al. 2005). Older adults have also been shown to 15 
respond more slowly than younger adults to perceived changes in photographs of 16 
driving scenes (Pringle et al. 2001). 17 
 18 
Test batteries that incorporate a range of sensorimotor measures have also been 19 
advocated (Ball et al. 2006, Wood et al. 2008). For instance the multi-disciplinary 20 
driving assessment battery created by Wood et al. (2008) was developed using the 21 
Multi-factorial Model of Driving Safety (Anstey et al. 2005), and incorporates tests 22 
from vision, cognitive and motor domains. In a previous study, the multi-disciplinary 23 
screening battery  (comprising tests of motion sensitivity, colour choice reaction time, 24 
postural sway and a measure of driving exposure) predicted a rating of safe or unsafe 25 
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on-road driving performance (where unsafe performance was indicated by the 1 
incidence of critical errors which involved the driving instructor having to take action 2 
to avoid an incident, or the driver hit a significant object) with 91% sensitivity and 3 
70% specificity in a sample of community-dwelling older adults (Wood et al. 2008). 4 
 5 
The aim of this study was to evaluate a series of previously described driver screening 6 
tests/batteries, including a hazard perception test, a hazard change detection test, our 7 
previously developed multi-disciplinary driving assessment and selected tests of 8 
visual and cognitive function, in terms of their ability to predict the potential for safe 9 
and unsafe driving. We also wished to establish whether combinations of these tests 10 
could lead to greater predictive ability and therefore be used for future screening 11 
batteries. 12 
 13 
2. Methods 14 
2.1 Participants 15 
Participants included 79 older drivers (M = 72.16 yrs, SD =5.46, range 65 – 88 yrs; 57 16 
males and 22 females) who were recruited from the electoral roll, staff at Queensland 17 
University of Technology, and the wider community. As voting is compulsory in 18 
Australia, the electoral roll consists of a complete cross-section of the adult Australian 19 
population. The study protocol was in accord with the Declaration of Helsinki, and 20 
was conducted in accordance with the requirements of the Queensland University of 21 
Technology Human Research Ethics Committee. All participants were given a full 22 
explanation of the experimental procedures, and written informed consent was 23 
obtained with the option to withdraw from the study at any time. 24 
 25 
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Participants lived independently within the community without the use of walking 1 
aids and were licensed drivers. All participants passed the minimum Australian 2 
drivers’ licensing criterion for binocular visual acuity of 6/12 (20/40) or better and 3 
scored above the criterion level of 23 on the Mini-Mental State Examination (Folstein 4 
et al. 1983) (M = 28.99; SD = 1.06; range = 26 - 30). Participants also completed a 5 
questionnaire describing their driving habits, including items about years of driving 6 
experience, frequency of driving and distances driven. Participants were asked to 7 
indicate whether they drove to the shops, work, friends/relatives, long distances or 8 
other locations and to indicate how often they drove in unfamiliar areas. They were 9 
also asked to rate on a 10 point scale their likelihood of having an accident, their 10 
ability as a driver relative to other drivers and the level of control they had over their 11 
own driving safety. Finally, participants were also asked to report the number of 12 
crashes they had been involved in over the previous five years. 13 
 14 
Most of the participants (81%) reported that they drove more than four times per week 15 
on average and the majority (62%) had more than 50 years of driving experience; 16 
33% had 41 to 50 years experience and the remainder (5%) had between 20 and 40 17 
years of experience. Fourteen per cent drove more than 60 km per week. Participants 18 
reported an average of one crash per 15 driver years. The majority of participants had 19 
completed secondary (86%) or tertiary education (69%), with only 14% finishing 20 
school at primary level.  21 
 22 
Participants attended two testing sessions. The first included the multi-disciplinary 23 
laboratory-based assessment, hazard perception and hazard change detection test, as 24 
well as a series of additional tests of vision and cognitive function and took 25 
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approximately 2 hours to complete. The second session comprised an on-road driving 1 
assessment which was conducted under in-traffic conditions and was one hour in 2 
duration. The refractive correction used habitually for driving (if any) was worn for 3 
both the laboratory-based and driving assessments. 4 
 
2.2 Multi-disciplinary Driving Assessment Battery 5 
2.2.1 Dot Motion. Central motion sensitivity was measured using a computer-based 6 
random dot kinematogram (Bullimore et al. 1993). Participants were presented with a 7 
field of dots, within which a smaller central panel of dots, subtending 2.9° at the 8 
working distance of 3.2 m, moved coherently in one of four directions over four 9 
discrete steps. Across trials the extent of the movement (in terms of the displacement 10 
of each pixel across frames) was varied in a 2-down 1-up staircase, with 8 reversals. 11 
The threshold (Dmin) was defined as the average of the displacement for the last six 12 
reversals in the series. 13 
2.2.2 Colour Choice Reaction Time (CRTC). A computerised inhibition choice 14 
reaction task, previously shown to discriminate safe from unsafe drivers (Wood et al. 15 
2008)  and single from multiple fallers (Anstey et al. 2009b) was used. Targets (red or 16 
blue cars) were presented in one of four quadrants of a grid on screen. Participants 17 
were instructed to respond to red targets appearing in the top right quadrant by 18 
pressing a right hand button, while red targets in the top left quadrant required a 19 
response using a left hand button, those in the bottom right and left quadrants required 20 
a foot response using the right and left pedals respectively. Blue cars occurred on 11% 21 
of trials, and required a response inhibition (i.e., not pressing any buttons). Response 22 
times and accuracy were recorded for each of the 60 trials. 23 
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2.2.3 Postural sway. Postural sway was assessed using standardised techniques which 1 
have been employed in previous studies of balance (Elliott et al. 1995, Turano et al. 2 
1996, Lord et al. 2003), with an AccuSway force platform (Advanced Mechanical 3 
Technology Inc., Watertown, MA, USA). Testing was performed with participants 4 
standing on a medium density foam mat (40 cm x 40cm x 15 cm) with their eyes closed. 5 
During the test, the participants stood with their feet positioned 10 cm apart, arms by 6 
their sides and were asked to remain as still as possible for the 30 second duration of the 7 
trial. 8 
2.2.4 Kilometers driven.  Participants were also asked how many kilometers they drove 9 
on average each week (coded as 0-9, 10-29, 30 – 59, 60 – 99, 100 – 149, 150+ km). 10 
 
Z scores for each of the four measures described above were then averaged (with the Z-11 
score for kilometers driven reverse scored) to form an overall score, with higher values 12 
indicating greater likelihood of an unsafe driver rating (Wood et al., 2008). 13 
 
2.3 Hazard Perception Test  14 
This test required participants to recognize potential traffic hazards in video clips of 15 
traffic scenes filmed from the driver’s point-of-view (Wetton et al. 2010), by pressing 16 
the relevant area of the touch-screen whenever they identified a potential incident. 17 
Twenty-two traffic conflicts (across 20 traffic clips of between 15-40 seconds 18 
duration) were selected on the basis that (1) there were anticipatory cues available, 19 
and (2) the conflict became unambiguous such that nearly all participants would be 20 
expected to respond eventually. The software recorded a response time for each 21 
potential conflict (starting from the first moment that the potential conflict was 22 
detectable) and these were averaged to obtain an overall hazard perception response 23 
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latency. All test scores were calculated by averaging standardized response times 1 
across all hazards (raw scores were standardized into Z-scores using the overall 2 
sample mean and SD for each hazard). This process was used because the hazards 3 
varied in duration and, without standardization, some hazards might exert a greater 4 
influence on the final mean score than others. The overall standardized score was then 5 
converted back to an overall response time (measured in seconds) using the mean and 6 
SD across all hazards and all participants.  7 
 8 
2.4 Hazard Change Detection Task  9 
The hazard change detection task (e.g., Marrington et al. 2008) was used to measure 10 
participants’ ability to detect the presence of hazards independent of other factors 11 
(e.g., judgments of motion and hazard classification). The task used pairs of still 12 
images of traffic scenes, which were displayed on a computer screen using the flicker 13 
paradigm (Wetton et al. 2010). Each pair of scenes (59 trials in total) contained an 14 
original and an altered image which were each displayed for 250 ms, separated by a 15 
grey mask (which was displayed for 80 ms). Participants were asked to identify the 16 
difference between the two pictures by pressing the location of the difference on the 17 
screen as soon as they noticed it and the outcome measure was the mean response 18 
time across trials (if a participant did not respond correctly within 32 seconds the  trial 19 
was excluded from the mean). 20 
 21 
2.5 Further measures of visual and cognitive function 22 
Tests of visual and cognitive function were selected based on previous research that 23 
demonstrated their capacity to predict aspects of driving performance and safety 24 
(Wood et al. 2008, Anstey et al. 2012).  25 
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2.5.1 Static Acuity: Static high contrast visual acuity was measured using a Bailey 1 
Lovie  logMAR chart (Bailey and Lovie 1980) at a testing distance of six meters. 2 
Participants were instructed to guess even when they were unsure, until a full line of 3 
letters was incorrectly read. Each letter seen was scored as -0.02 log units. 4 
2.5.2 Pelli-Robson Letter Contrast Sensitivity: Letter contrast sensitivity was 5 
measured using the Pelli-Robson chart under the recommended testing conditions 6 
(Pelli et al. 1988). A distance correction of +1 diopter (for the 1 m working distance) 7 
was worn over the participant’s habitual correction. Participants were instructed to 8 
look at a line of letters and instructed to guess the letter when they were not sure. 9 
Each letter was scored as 0.05 log units.  10 
2.5.3 Visual Fields: Automated static visual fields were measured using the 11 
Humphrey Field Analyzer (Carl Zeiss, California, US). Right and left monocular 12 
fields were measured using the central threshold 24-2 test with the SITA standard 13 
testing strategy. The mean deviation (overall depression in sensitivity) was recorded 14 
and coded in terms of the best and worse eye.  15 
2.5.4 Visual Closure: Two tests of visual closure from French et al.’s (1963) battery 16 
of factor referenced cognitive tests were included in the test battery: (i) Snowy 17 
Pictures: This task involves identifying an object that is obscured by irregular shaped 18 
patterns. A practice example was completed and then the main test was carried out. 19 
Participants were given three minutes to complete 15 pictures. They were permitted to 20 
skip over any pictures they found too difficult and return to them if they had time at 21 
the end; (ii) Gestalt Completion: This task involves identifying an object that is only 22 
partially drawn. A practice example was completed and then the main test was carried 23 
out. Participants were given three minutes to complete 15 pictures. They were 24 
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permitted to skip over any pictures they found too difficult and return to them if they 1 
had time at the end. 2 
2.5.6 Digit Symbol Matching (DSM): A computerised version of the Digit symbol 3 
substitution test was also administered, based on Salthouse’s (1994) adaptation of the 4 
Wechsler Digit Symbol Subscale as previously described (Anstey et al. 2006). A 5 
series of symbols were displayed under a row of digits (1-9) forming a legend for the 6 
task at the top of the screen. A number and a symbol were then displayed underneath 7 
that row. Participants had to judge whether the symbol matched to the number was the 8 
same as the symbol matched to that number in the legend and indicated their response 9 
by clicking the appropriate button on the screen (labelled true or false). Twenty trials 10 
were presented and the average response time and number of correct responses were 11 
recorded. 12 
 13 
2.6 Driving Performance 14 
Driving performance was assessed under in-traffic conditions in an automatic, dual-15 
brake vehicle using a previously validated technique (Wood and Mallon 2001, Mallon 16 
and Wood 2004) which is sensitive enough to differentiate between drivers of 17 
different ages and visual status as well as specific disease conditions such as 18 
Parkinson’s Disease (Wood et al. 2005). Participants were directed to drive along a 19 
19.4 km route on the open road, which consisted of city and suburban streets, simple 20 
and complex intersections and a range of traffic densities. The driving assessment was 21 
conducted either mid-morning or mid-afternoon to avoid rush hour traffic. Driving 22 
was scored independently by an occupational therapist, experienced in driving 23 
assessment and rehabilitation, and an accredited professional driving instructor, who 24 
was responsible for vehicle safety. Both assessed driving safety using a series of well-25 
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defined criteria on a 10-point scale based on driver licensing standards, and previous 1 
research has shown that their scores are highly correlated for a range of normal and 2 
patient populations (Wood and Mallon 2001, Wood et al. 2005). Both examiners were 3 
unaware of the driver’s previous crash history. A score between 1 and 4 indicated that 4 
the instructor had to take action to avoid an incident or that the driver hit a significant 5 
object; a driver would fail the Queensland licensing test if they scored in this 6 
category. A score of 5-6 indicated below average driving and observation skills, 7 
where the driver might benefit from some retraining and may or may not pass the 8 
licensing test. A score in the range of 7-8 indicated average to above average skills 9 
with some bad habits, while scores in the range 9 -10 indicated excellent driving skills 10 
with near flawless behaviours. Drivers scoring in the range 7-10 would pass the 11 
licensing test. We therefore used a cut-off of below 5 to indicate those who would fail 12 
the driving test and 5 and above those who are likely to pass or have the potential to 13 
pass the licensing test.  14 
 15 
2.7 Analyses 16 
Bivariate non-parametric tests (score tests) that are used as a preliminary statistic in 17 
logistic regressions (Tabachnick and Fidell 2007) were conducted to examine which 18 
predictors most reliably discriminated between safe and unsafe drivers, where unsafe 19 
drivers were defined as those scoring less than 5 out of 10 in terms of their overall 20 
safety rating. ROC curves were derived for each predictor to identify the cut-point of 21 
best sensitivity and specificity for each test. The optimal cut-point was chosen as the 22 
one which best maximised sensitivity while preserving specificity for each predictor. 23 
A multivariate logistic regression using backward elimination via the Wald criterion 24 
13 
 
(alpha = 0.1) was then employed to establish the optimal subset of predictors for 1 
discriminating between safe and unsafe drivers. 2 
 3 
3. Results 4 
Table 1 presents demographic information for the participants as a function of 5 
whether they were rated as potentially safe ( ≥5) or unsafe (<5) to drive on the on-6 
road assessment. Those who were rated as potentially unsafe to drive were 7 
significantly older and less likely to drive long distances than those rated as safe. 8 
 9 
Table 2 shows the bivariate score tests for each of the key predictor measures as a 10 
function of whether the participant was rated as potentially safe or unsafe on the on-11 
road assessment. As hypothesized, the driving screening tests including the hazard 12 
perception test and hazard change detection and the multi-disciplinary screening 13 
battery were significantly different between those drivers rated as safe and unsafe to 14 
drive.  Binocular contrast sensitivity was also significantly related to participant’s 15 
likelihood of being rated as unsafe. The multi-disciplinary screening battery was the 16 
single best predictor of a failing grade, with a 1 standard deviation increase in score 17 
associated with a 31 times greater likelihood of being rated unsafe in the driving 18 
assessment. Figure 1 shows the ROC curves for each of the predictors in this study. 19 
The multi-disciplinary driving assessment battery achieved a best sensitivity of 80% 20 
with a specificity of 73% (area under the curve AROC = 0.83), while the hazard 21 
perception test showed a best sensitivity of 75% with a specificity of 61% (AROC = 22 
0.67). The hazard change detection test achieved 70% sensitivity with a specificity of 23 
61% (AROC = 0.69). 24 
 25 
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Of the cognitive variables, the MMSE revealed a best sensitivity of 65% with only 1 
37% specificity (AROC = 0.53), while the Snowy Pictures Test revealed a best 2 
sensitivity of 65% with 56% specificity (AROC = 0.63). The Gestalt figure 3 
completion test achieved 75% sensitivity with only 48% specificity (AROC = 0.59), 4 
and the Digit-Symbol Matching Test predicted a failing grade with 70% sensitivity 5 
and 40% specificity (AROC = 0.55). 6 
 7 
Of the vision variables, visual acuity predicted the potential for unsafe driving with 8 
65% sensitivity and 66% specificity (AROC = 0.65), contrast sensitivity achieved 9 
80% sensitivity with 46% specificity (AROC = 0.68), while visual fields was only 10 
able to predict the potential for safe driving with 55% sensitivity and 54% specificity 11 
(AROC = 0.55). 12 
 13 
To establish whether a composite battery could be created by combining the multi-14 
disciplinary driving battery with the other predictors, all predictors were entered into a 15 
multivariate logistic regression with backward elimination using the Wald criterion. 16 
Only two variables were retained in the final model, the multi-disciplinary driving 17 
battery (Wald = 12.51, p < 0.001) and the hazard perception test (Wald = 5.37, p = 18 
0.02). The final model with these two predictors was highly effective in predicting a 19 
failing grade on the assessment (χ2(2) = 27.27, p < 0.001, Cox-Snell R2 = 0.29). 20 
Figure 2 shows the ROC curve for the final model, with the multi-disciplinary driving 21 
battery and hazard perception test combined, compared to the predictive power of the 22 
multi-disciplinary driving battery alone. Adding the hazard perception test to the 23 
multi-disciplinary driving battery resulted in a small but significant increase in 24 
predictive power over the multi-disciplinary driving battery alone, with an 25 
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improvement in best sensitivity from 80% to 85% together with an improvement in 1 
specificity from 73% to 78%. 2 
 3 
4. Discussion 4 
In this sample of community-dwelling older drivers with corrected visual acuity of 5 
20/40 or better and a MMSE score of 24 or higher, we were able to compare the 6 
ability of a series of candidate tests and test batteries in predicting the potential for 7 
safe and unsafe driving as determined through a standardized on-road driving 8 
assessment. The previously identified multi-disciplinary driving assessment battery 9 
had the highest predictive ability with a sensitivity of 80% and a specificity of 73%, 10 
followed by the hazard perception test which demonstrated a sensitivity of 75% and 11 
specificity of 61%. The levels of sensitivity and specificity in predicting unsafe 12 
driving performance reported for our test battery (80% and 73%), exceed those of 13 
other studies of on-road driving performance of older populations (Bedard et al. 2008) 14 
and are comparable to our previous findings from a larger cohort (Wood et al. 2008). 15 
It is worth noting that when comparing the sensitivity and specificity of different tests 16 
or batteries, it is essential that statistics are derived from similar samples and results 17 
are interpreted accurately. A test evaluated using a case-control design may appear to 18 
yield a much higher sensitivity and specificity than a test evaluated on a large 19 
population-based sample but this is not a valid comparison (Altman and Bland 1994). 20 
Sensitivity (in this case, the proportion of unsafe drivers who were correctly identified 21 
as such by the test) will be higher in clinical studies where impairment is more severe 22 
and, as a result, there are a higher proportion of unsafe drivers. 23 
 24 
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The multi-disciplinary driving assessment battery is likely to have been the strongest 1 
predictor of driving outcomes because it incorporates a range of domains that are 2 
important to driving and therefore reflects the underlying multi-factorial nature of 3 
driving (Anstey et al. 2005). The battery is also highly practical and could be 4 
administered within a short time-frame (around 15- 20 minutes) by inexperienced 5 
operators, incorporating the respondent’s estimate of average number of kilometers 6 
driven per week, simple tests of motion sensitivity and choice reaction time which can 7 
be implemented on a standard PC-compatible computer, as well as a straightforward 8 
measure of sway length on a foam platform – a test which is easy and convenient to 9 
perform. Given the strong predictive ability of the battery, both in this sample and the 10 
previous one, there is good reason to recommend further research to refine this battery 11 
for potential inclusion in routine screening for older driver safety among medical 12 
professionals.  13 
 14 
While the hazard perception test in this sample was less sensitive than the multi-15 
disciplinary driving assessment battery in predicting the potential for unsafe driving, it 16 
did add some additional discriminatory power to the model. Potentially some aspects 17 
of perceptual function not captured by the other tests in the battery can be explained 18 
by inclusion of this test in the model. The finding that the hazard perception test 19 
resulted in a small increase in the predictive power of the multi- disciplinary battery 20 
suggests that future research could also investigate a larger battery including this test. 21 
 22 
Our study found little predictive ability for the MMSE or for the other cognitive 23 
measures.  This is consistent with previous research, which has demonstrated that 24 
performance on the MMSE was not associated with either self-reported (Marottoli et 25 
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al. 1998) or state recorded (Margolis et al. 2002) crashes. Odenheimer et al. (1994) 1 
did observe a significant correlation between driving performance and MMSE score, 2 
however, their sample also included participants referred from a dementia clinic. Even 3 
among individuals with early dementia, the MMSE is generally a poor predictor of 4 
road safety (Lincoln et al 2006). It is likely that in healthy cognitively normal samples 5 
such as the present one, the general high performance on this test results in a ceiling 6 
effect which limits the potential for investigating the influence of cognitive function 7 
on road safety more generally. Similarly for the visual closure tests, it could well be 8 
that in older adults with impaired cognitive function (such as in early Alzheimer’s 9 
disease) stronger effects might be found.  10 
 11 
Similarly, the visual function tests (visual acuity, contrast sensitivity, and visual 12 
fields) that were included as individual predictors in this study did not independently 13 
predict driving performance. While previous studies have found significant 14 
relationships between these visual function measures and measures of driving 15 
performance and safety the extent of the relationship has depended on the nature of 16 
the sample under observation (Wood 2010). For example, population-based studies 17 
have failed to find an association between contrast sensitivity deficits and increased 18 
crash risk (Rubin et al. 2007, Cross et al. 2009), whereas studies of drivers with 19 
cataracts (who have a high level of contrast sensitivity impairment) have shown a 20 
strong relationship between contrast sensitivity impairment and increased crash risk 21 
(Owsley et al. 2001). While driving is clearly a highly visual task, as discussed by 22 
Owsley (2010), driving goes beyond visibility issues, with vehicle control and 23 
decision-making dependent on rapid gathering of dynamic and often complex visual 24 
information. Our finding that a screening test, that incorporates multiple domains and 25 
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aspects of visual response times, better predicted driving safety is therefore not 1 
surprising and is in accord with other research that has shown that visual processing 2 
speeds and divided attention as assessed by the UFOV are strong predictors of older 3 
driver abilities and safety (Clay et al. 2005).    4 
 5 
While our findings are very promising in terms of suggesting that a relatively simple 6 
and inexpensive test battery can be used to predict the potential for safe and unsafe 7 
driving in older individuals, it is important to note that there are some limitations to 8 
the current study. The sample was relatively small and may not have been fully 9 
representative of the broader population of drivers, in that this sample may have been 10 
higher functioning on average than the general population. The sample consisted of 11 
only healthy drivers without any restrictions or impairment, and it is possible that 12 
there might be some bias in that drivers with overall higher function may be 13 
selectively more likely to volunteer for research participation. It is likely that the same 14 
tests would be more effective for detecting impaired drivers in clinical samples.  15 
Future research also needs to evaluate the tests on a larger sample of representative 16 
older drivers who undergo standardised on-road assessments, as well as gaining 17 
access to state-recorded crash data.  However, our previous studies have suggested 18 
that state crash records in Australia currently do not capture a large proportion of 19 
crashes (Anstey et al. 2009a). 20 
 21 
In summary, our findings suggest that the multi-disciplinary driving assessment 22 
battery was superior to the other measures considered here in its ability to predict on-23 
road driving performance outcomes. We also found that adding measures of hazard 24 
perception ability had a small but significant effect in enhancing the predictive ability 25 
19 
 
of the test batteries – of the order of a 5% increase in sensitivity and specificity. In 1 
particular the fact that this assessment preserves both sensitivity and specificity is of 2 
importance since, while there are clearly costs associated with adverse driving 3 
incidents, there are also important personal as well as societal costs associated with 4 
early driving cessation (Marattoli et al. 1997, Marattoli et al. 2000, Windsor et al. 5 
2007, Bedard et al. 2008). Thus the balance of prediction between these factors is 6 
critical. Future studies need to be undertaken to further explore the ability of this test 7 
battery to predict the driving ability of a range of older adults prospectively with and 8 
without concomitant impairments in various functional domains. 9 
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Table 1. 
Demographic characteristics of the sample.  T-tests are presented for continuous measures, while χ2 tests of independence are presented for 
categorical measures. 
    Unsafe Drivers Safe Drivers t / χ2 p-value 
Age, mean (sd)   76.75 (6.22) 70.61 (4.21) 4.96 <0.001*** 
Gender, n (% )      
 Male 15 (75%) 42 (71%) 0.11 0.742 
 Female 5 (25%) 17 (29%)   
Years of driving experience, mean (sd)  55.10 (7.74) 51.45 (7.14) 1.93 0.057 
Driving frequency (trips/week), mean (sd)  6.70 (3.63) 7.74 (5.93) -0.74 0.463 
Driving distance per week, km mean (sd)  163.65 (144.32) 176.57 (113.61) -0.41 0.684 
Drive to work, n (%)      
 No 19 (95%) 49 (86%) 1.17 0.279 
 Yes 1 (5%) 8 (14%)   
Drive to shops, n (%)      
 No 0 (0%) 2 (4%) 0.72 0.396 
 Yes 20 (100%) 55 (96%)   
Drive to friends/relatives, n (%)      
 No 1 (5%) 6 (11%) 0.55 0.46 
 Yes 19 (95%) 51 (89%)   
Drive to other locations, n (%)      
24 
 
 No 4 (20%) 19 (33%) 1.26 0.262 
 Yes 16 (80%) 38 (67%)   
Drive long distances, n (%)      
 No 6 (30%) 5 (9%) 5.45 0.02* 
 Yes 14 (70%) 52 (91%)   
Drive in unfamiliar areas, n (%)      
 Never 0 (0%) 1 (2%) 0.36 0.837 
 Occasionally 16 (80%) 45 (79%)   
 Half the time 4 (20%) 11 (19%)   
 Most of the time 0 (0%) 0 (0%)   
 Always 0 (0%) 0 (0%)   
Self rated likelihood of crash,# mean (sd)  2.90 (1.45) 2.95 (1.47) -0.13 0.899 
Self rated driving ability,## mean (sd)  6.95 (1.61) 7.07 (1.68) -0.28 0.781 
Self rated control over driving safety,### mean (sd)  8.40(1.31) 8.33 (1.49) 0.18 0.86 
Any crashes in last 5 years, n (%)      
 No 15 (75%) 41 (72%) 0.07 0.791 
 Yes 5 (25%) 16 (28%)   
Number of crashes in last 5 years, mean (sd)   1.20 (0.45) 1.13 (0.50) 0.299 0.768 
* p< .05;  **p<.01, ***p < .001 
Exact wording of questions: # How would you rate your likelihood of having a road accident relative to other drivers of your age and sex? (1=much lower,10=much higher) 
## How would you rate your ability as a driver relative to other drivers of your age and sex? (1=very poor, 10=excellent) 
### How much control do you have over your driving safety? (1=very little, 10=a great deal) 
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Table 2 
Bivariate score tests distinguishing safe and unsafe drivers (greater than or less than 5/10) according to performance on functional assessments 
 Unsafe Drivers 
Mean (SD) 
Safe Drivers 
Mean (SD) 
Score test p-value Odds Ratio   
Multi-disciplinary Battery (z score) 0.36 (0.38) -0.16 (0.41) 18.47 <0.001*** 30.56   
Hazard Perception Test score (sec) 7.07 (1.13) 6.45 (0.81) 6.67 0.010** 2.05   
Hazard Change Detection Test score (sec) 8.64 (2.00) 7.42 (1.98) 4.45 0.035* 1.33   
MMSE (number correct) 29.00 (0.86) 28.98 (1.12) 0.06 0.802 1.02   
Snowy (number correct) 6.55 (1.85) 7.49 (2.37) 2.87 0.090 0.83   
Gestalt (number correct) 6.15 (3.20) 7.15 (3.40) 1.40 0.238 0.91   
DSM (number correct) 19.60 (0.68) 19.44 (0.88) 1.29 0.256 1.31   
Visual Acuity (logMAR) 0.04 (0.11) -0.01 (0.08) 3.88 0.055 537.04   
Contrast Sensitivity (dB) 1.62 (0.08) 1.68 (0.11) 4.756 0.033* <0.01   
Visual Fields best MD (dB) -0.66 (2.56) -0.18 (1.83) 0.74 0.39 0.90   
* p< .05;  **p<.01, ***p < .001
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Figure 1 
ROC curves predicting safe and unsafe driver ratings (greater than or less than 5/10) according to the functional predictors 
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Figure 2 
ROC curves predicting safe and unsafe driver ratings (greater than or less than 5/10) for the multi-disciplinary driving battery and for the augmented battery 
including the hazard perception test 
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
S
en
si
tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
Mutli-disciplinary Battery
Mutli-disciplinary Battery
+HPT
 
